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S U H M  A R Y 

by V. A. Razin & 
I. P. Khiahnyakova 

This note  gives  account of some r e s u l t s  of po la r i za t ion  measure- 
ments c a r r i e d  out  with the  view of a s c e r t a i n i n g  the  cha rac t e r  of t h e  d i s -  
t r i b u t i o n  of ion ized  i n t e r s t e l l a r  gas. Refer r ing  t o  previous data on t h e  
v a r i a t i o n  of cosmic radioeniss ion spectrum i n  t h e  1+ 10 Mc frequency band, 
which l e d  t o  assume t h a t  t he re  is near the  g a l a c t i c  plane an ionized gas 

forming a l aye r  ry 300 nc th i ck ,  with concentrat ion N rJ 0.1 cm-3 and tempera- 
t u r e  T & lo4. K, 

au thors  concerning i ts  unambiguity, whereby radiowave absorpt ion in t h a t  
l a y e r  is cause of spectrum v a r i a t i o n  of low-frequency cosmic r ad io  emission. 

t he  present  authors  quest ion the  conclusion of previous 

* * *  

The assumption was expressed in the  work €11 on the b a s i s  of spec- 
trum v a r i a t i o n  of cosmic rad io  emission i n  the 1 + 10 Mc frequency band 
t h a t  near t h e  g a l a c t i c  plane there  e x i s t s  ionized gas with concentrat ion 
N ry 0.1~rn'~ and temperature T w 104"K; t h i s  l a y e r  has  a ha l f - th ickness  of 

and  the  absorption in t h i s  l a y e r  of radiowavesprecisely lead8 t o  7)OOnc, 
t o  the v a r i a t i o n  of the  spectrum of low-frequency r a d i o  emission, However, 
t h i s  conclusion is not unambiguous, for t he  mean absorpt ion f a c t o r  - of - radio-  
waves is proFor t iona l  t o  I""*, whereas the  c o r r e l a t i o n s  $ r~ (N)2 and 

T N lo4. R may w e l l  no t  be f u l f i l l e d .  Moreover, one must bear  i n  mind 
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the following two moments, F i r s t  of a l1 ,absorpt ion of cosmic r a d i o  ellliseion 
may be t o  some ex ten t  l inked  with the H I 1  region surrounding the solar 
system ( t h e  presence of such a region i s  assumed in the works B, 43. Second- 

l y ,  i f  t h e  metagalact ic  component p r e v a i l s  i n  t h e  longwave cosmic r a d i o  emis- 
s i o n  [5], 
conditioned by radiowave absorption i n  the  metagalact ic  medium C61. Conse- 
quent ly ,  t o  a s c e r t a i n  the charac te r  of the  d i s t r i b u t i o n  of ionized i n t a r s t e l -  
lar gas it  is necessary t o  examine a d d i t i o n a l  experimental  data. Below we 
s h a l l  analyze some of the  r e s u l t s  of p o l a r i z a t i o n  measurements. 

the  v a r i a t i o n  of c,r,emission spectrum in low frequencies  may be 

A review of the sky i n  po la r i za t ion  r a d i a t i o n  of frequency* ~ 4 0 8  Mc 
h a s  been made i n  a r ecen t ly  published work [?].Attention is drawn i n  t h i s  

review by s e v e r a l  p e c u l i a r i t i e s  as fo l lows :  1)nearI.y 90 % of polar ized  ra- 
d i a t i o n  is concentrated i n  a band of 50' width passing by its middle p a r t  

through the  poles  of t he  Galaxy [?I; 
is d i s t r i b u t e d  I n  the  band qu i t e  i r r e g u l a r l y  ( s p o t s ) ;  2) w i t h  the removal 
from the  center  of the  band by 215' the  i n t e n s i t y  of the  polar ized  component 

does not p r a c t i c a l l y  decrease,  as an average; 3) in c e r t a i n  extended regioils 
t h e  e l e c t r i c  vec to r  is mostly directed along the  band [7], and at the same 
time, the pos i t i on  angles '  d i f fe rences  do not  exceed, wi th in  the  limits 21!jo 
from the  cen te r ,  one rad ian  as an average. 

the  i n t e n s i t y  of the  polarized_component 

Such a d i s t r i b u t i o n  over the sky of polar ized  r a d i a t i o n  must r e f l e c t  
t he  c h a r a c t e r i s t i c  p e c u l i a r i t i e s  of the  s t r u c t u r e  of the g a l a c t i c  magnetic 
f i e l d ,  of the  d i s t r i b u t i o n  of r e l a t i v i s t i c  e lectrons,and of i on i sed  i n t e r -  
s te l la r  gas. I n  order  t o  ob ta in  a r ep resen ta t ion  of t he  d i s t r i b u t i o n  of the 

l a t t e r ,  we s h a l l  consider two s implest  models  of the  Galaxy region,  where the  
polar ized  r ad io  emission o r ig ina t e s ,  Assume t h a t  the  polar ized  r a d i a t i o n  
emerges i n  a Galac t ic  arm of r a d i u s  Rp, 
l o c a t e d  [7, 113. We s h a l l  es t imate  the  concentrat ion of r e l a t i v i s t i c  e l e c t r o n s  
and the magnetic f i e l d  as constant i n  the a r m .  L e t  t he  magnetic f i e l d  be 

parallel t o  the  a r m ' s  axis, t he  d i r e c t i o n  of v e l o c i t i e s  of r e l a t i v i s t i c  e lec-  
t r o n s  being d i s t r i b u t e d  i so t rop ica l ly .  W e  s h a l l  assume i n  the  first model 
t h a t  the ion ized  gas is d i s t r i b u t e d  uniformly in the a r m  with r ad ius  R16R, , .  

on whose axis the  s o l a r  system is  



I n  t h e  second model we s h a l l  assume the  gas t o  be concentrated i n  compara- 
t i v e l y  dense clouds. 

Let us cons ider  t o  begin with t h e  f i r s t  model. With the  above made 

assumptions we may show t h a t  the degree of r a d i a t i o n  p o l a r i z a t i o n  i s  

where y' is the  ex?onent i n  the ener,gy spectrum of r e l a t i v i s t i c  e l ec t rons ,  
4 V =  2.4 10 "Ri /,,Z is  a f a c t o r  determining the  value of t he  Faraday r o t a -  

t i o n  of t h c  p o l a r i z a t i o n  p1,ane o f  cosmic r a d i o  emission in t h e  gas a r m ;  
H 

u' tlie r a d i u s  R i  of t h e  arm must be expressed i n  cent imeters ,  t h e  frequency 
V i n  cps), 8 i s  t h e  angle between the  d i r e c t i o n s  of  the magnetic f i e l d  and 
of t he  v i s u a l  ray. A t  i s o t r o p i c  d i s t r i b u t i o n  of r e l a t i v i s t i c  e l e c t r o n  vel30 
c i t i e s  the  i n t e n s i t y  of t he  polar ized  component is  p ropor t iona l  t o  

is t h e  i n t e n s i t y  of the magnetic f i e l d  i n  o e r s t e d  ( i n  t h e  expression f o r  

S u b s t i t u t i n g  the  e q r e s s i o n  f o r  p i n  t h i s  formula, and e f f e c t i n g  the  i n t e -  
g r a t i o n  over t h e  s o l i d  angle,  
t he  i r t e r s i t y  of t h e  polar ized  emis7qion a r r i v i n g  from the  given s o l i d  angle.  
We de tern ined  by way of nuneric;l l  i n t e g r a t i o n  t h e  f r a c t i o n  tz of po la r i ced  
rac l i s t ion  f o r  a s e r i e s  of v d u e s  of parameters,  in a band of 50' width wi th  
E c e n t r e 1  c ros s  s e c t i o n  perpendicular  t o  t h e  axis of the  arm. I f  Rp 
s i g n i f i c a n t l y  R i p  we s h a l l  have a <9(% 
as depo la r i za t ion  is  not manifest ,  because of f i n i t e  width of antenna radia- 

t ior!  pa t t e rn ) .  For example, a t  R = 2 Ri 
not  exceed 63%. The values  a- 90% a r e  poss ib l e  only a t  R =' R i .  I n  t h i s  
case we ob ta in  from formula (1) the  w e l l  E-novn expression E123 

we s h a l l  o b t a i n  a quan t i ty  p rogor t iona l  t o  

exceeds 
f o r  any gas concent ra t ion  (so long  

and y = 3 *, t h e  quan t i ty  a does P 

P 

p VI I sin(+ ctg 0)/9 ctg 9 I. (3) 

The quan t i ty  a de-enris f eeb ly  on the  concent ra t ion  of gas. Thus, at 
20 R p =  Ri = 250nc = 7.5 10 [8, 93, 

provided N 3: 0.1 cm 
es t imate  of N we may a l s o  take  advantage of the  f a c t  t h a t  t he  i n t e n s i t y  of 
polar ized  r a d i a t i o n  and t h e  pos i t i on  angle vary l i t t l e  a t  moving away from 

I 3, H = 10-5oe, 3 = 408 k / s  ,Q: =94.576, 
and a = 87.6% i f  N = 0.01 cm-3. However, f o r  the -3 
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t he  c e n t e r  of the  band by 215'. 
t h i s  is  poss ib l e  f o r  Y c t g  75O 6 1. Hence i t  fo l lows  t h a t  

-2 the frequency 9 0 408 Mc this corresponds t o  values  2.6 om . 
Assuming Ri = 250 nc and  H = lO+oe, we s h a l l  ob ta in  N 2< 3.5 . loo3. A t  t h e  
same time a = 84'. 

As may be seen from formulas (2)  and (3) ,  
4 3 . 7  rad; in 

Let  US consider  now t he  second model: a l l  the ion ized  gas is  concen- 
t r a t e d  i n  dense clouds. W e  s h a l l  es t imate  t h a t  t he  emission of r eg ions  s i t u -  
ated beyond the  clouds are  depolar ized on account of t he  Faraday r o t a t i o n  
i n  t h e  clouds [lo]. I n  order  t o  f i n d  the  q u a n t i t y  a, we must determine 
the average d is tance  t o  the  first cloud over t he  visual raJr g. Eesolving 
the  problem analogously t o  what is done when f i n d i n g  the  mean l eng th  of 
the  f r e e  p a r t  of molecules i n  a gas, we ob ta in  t h e  expression 

(4) 

where a = l / a n ,  

c u l a r  t o  the  v i s u a l  r a y ,  n is t h e  number of clouds i n  a u n i t  of volume. 
According t o  (4), i n  the  case a> -- - 
t he  sane time, a(  = 3) = 52.5% (as i n  model 1 in the  absence of Faraday 
r o t a t i o n ? .  The maximum value a ( J =  3) = 59.4% is obtained a t  a<<Rp(R-a). 

and at d - R p ,  

model, we cannot ob ta in  a value of a 
provided, of course,  we do no t  assume no tab le  anisotropy i n  the  d i s t r i b u t i o n  
of the  d i r e c t i o n  of v e l o c i t i e s  of r e l a t i v i s t i c  e l e c t r o n s ,  f o r  which t h e r e  
is no foundation. 

i- is the mean a r e a  of cloud p ro jec t ion  on t h e  plane Derpendi- 

RP RP t he  mean d i s t ance  is 8- -.. - k t  
aln 0 sln 0 

,- , I  a ( y =  j) z 50.4,;. T h e r e f n r ~ ~  hnsl/ng ourselves upon t h e  aecond 
agree ing  with t h e  experimental  data, 

From t h e  above cons idera t ions  t h e  following conclusions a r e  der ived:  

1) Observations of p o l a r i z a t i o n  of cosmic r a d i o  emission do n o t  
cor robora te  the  assumption of  ex is tence  near  t h e  g a l a c t i c  plane of an ionl-  
eed gas l a y e r  w i t h  concentrat ion - 0.1 cme3 and ha l f - th ickness  -300nc. 

2) Neither  of the two considered models of i on ized  gas d i s t r i b u t i o n  
Itn the  g a l a c t i c  a r m  au tho r i ees  us t o  exp la in  all the  c h a r a c t e r i s t i c  pecul ia -  
r i t i e s  of t h e  angulas  d i s t r i b u t i o n  of t he  po la r i zed  r a d i o  emission i n  408 Mc. 
But t h i s  can be done by combining the  two models. Thus, t he  true d i s t r i b u t i o n  
of ion ized  gas must be cha rac t e r i zed  by the  cloud s t ruc t l r r e  w i th  gas con- 
c e n t r a t i o n  between clouds N ~$3.5 * loo3 cm'3; at t h e  same time t h e  clouds 

i 



must not  fully depolar ize  the  emission of frequency 408 Me 
These r ep resen ta t ions  are corroborated by C133 and by es t imates  of Faraday 
r o t a t i o n  i n  the i n t e r s t e l l a r  medium by the  d a t a  of po la r i za t ion  measurements 
in t he  f requencies  of 408 and 616 Mc/s C141. 

traversing them. 

3)  The ava i l ab le  po la r i za t ion  da ta  do not con t r ad ic t  the  assumption 
of i s o t r o p i c  d i s t r i b u t i o n  of ve loc i ty  d i r ec t ions  of cosmic e l ec t rons  i n  the  
i n t e r s t e l l a r  space. 

4) The absorpt ion of longwave cosmic radioemission is apparent ly '  

conditioned by clouds o f  ionized gas. 
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